Overexpression of the TnS transposase (Tnp) was found to be lethal to Escherichia coli. This killing was not caused by transposition or dependent on the transpositional or DNA binding competence of Tnp. Instead, it was strictly correlated with the presence of a wild-type N terminus. Deletions removing just two N-terminal amino acids of Tnp resulted in partial suppression of this effect, and deletions of Tnp removing 3 or 11 N-terminal amino acids abolished the killing effect. This cytotoxic effect of Tnp overexpression is accompanied by extensive filament formation (i.e., a defect in cell division) and aberrant nucleoid segregation. Four E. coli mutants were isolated which allow survival upon Tnp overexpression, and the mutations are located at four discrete loci. These suppressor mutations map near essential genes involved in cell division and DNA segregation. One of these mutations maps to a 4.5-kb HindHI region containing theftsYEX (cell division) locus at 76 min. A simple proposition which accounts for all of these observations is that Tnp interacts with an essential E. coli factor alecting cell division and/or chromosome segregation and that overexpression of Tnp titrates this factor below a level required for viability of the cell. Furthermore, the N terminus of Tnp is necessary for this interaction. The possible significance of this phenomenon for the transposition process is discussed.
Tn5 transposition in Escherichia coli is a very rare event. In general, the controls exerted to limit the frequency of TnS transposition fall into several classes, including those which facilitate the assembly of the nucleoprotein complex at the transposon ends and those which regulate the expression and activity of the transposase (Tnp) itself. Little is known about the assembly of Tnp at the TnS ends; however, it is known that Tnp activity is negatively regulated by at least two posttranslational mechanisms. The first involves the inhibitor protein Inh. Inh is translated in the same reading frame as Tnp from an internal AUG codon (38) . This results in a protein that lacks the N-terminal 55 amino acids of Tnp but is otherwise identical. It has recently been shown that Inh interacts with Tnp to form heteromultimers that bind to the TnS end sequences, presumably forming nonproductive bound complexes (6) . Since transposition likely involves multiple, interacting Tnp proteins at the transposon ends (la), this nonproductive binding would probably interfere with the normal transposition process. The second involves the nature of the TnS Tnp protein itself. Recent evidence suggests that Tnp exists in two distinct forms, one which is active for transposition and another which is actually inhibitory for transposition (8, 34) , since Tnp inhibits the transposition of TnS elements located in trans. This inhibitory form may be due to a functional instability in the protein that results in a conformational change to an inactive state and/or nonproductive multimerization (32, 34) .
The expression of the Tnp gene is also negatively regulated by the Dam methylase acting at two GATC sites overlapping the Tnp promoter P1. Methylation of these sites decreases Tnp expression about 10-fold (36) . This methylation control over Tnp expression occurs for several insertion (IS) elements and has been postulated to couple transposition events to passage of a replication fork, i.e., to occur during chromosome replication (26) . This follows because, after passage of a replication fork, the newly replicated DNA will be transiently hemimethylated and might give rise to a burst of Tnp synthesis. For TnS, this would temporarily alter the Tnp/Inh ratio, which is a determinant in the wild-type TnS transposition rate (18) , in favor of transposition.
Little is known about other mechanisms that might limit transposition in bacteria to particular times during the cell cycle or might in some way be coupled to landmark cell cycle events. During the course of constructing a nested set of deletions in the N terminus of Tnp, we discovered that overproduction of the wild-type Tnp in the absence of end sequences was lethal to E. coli, but this lethality required an intact N terminus. We have investigated this phenomenon because TnS transposition is also critically dependent upon a wild-type Tnp N terminus (33) and this raised the possibility that cell killing by Tnp was related to a normal Tnp-host protein interaction involved in transposition. In this model, killing would be caused by titration of this essential host factor below a certain threshold required for cell viability. We also demonstrate that this lethality is not due to random cutting of chromosomal DNA, since Tnp overproduction does not induce the cellular SOS response. It was previously shown that overexpression of Tnp in the presence of two outside ends (OEs) resulted in cell death (22) ; however, this could have been a nonspecific effect or could have been simply due to rapid loss of the Tnp-overproducing plasmid by degradation after cutting at an OE sequence.
An intriguing finding is that Tnp overproduction causes Table 1 . All strains were routinely propagated in Luria broth (LB), which contains 10 g of Bacto-tryptone, 10 g of NaCl, and 5 g of Bacto-yeast extract per liter of distilled water. The following concentrations of antibiotics were used: chloramphenicol, 20 ,ug/ml; tetracycline, 15 ,ug/ml; and ampicillin, 100 jig/ml. LB plates additionally contained 1.5% Bactoagar (Difco).
Plasmids. The plasmid used to overproduce Tnp was pRZ4737 (33) (Fig. 1 to 36, 37, 38, and 42°C indicates that full induction (to 42°C) increases Tnp production another fivefold (22) .
The construction of the N-terminal deletion derivatives (Al, A2, A3, All) of pRZ4737 has been described previously (33 pRZ4803 was constructed to overproduce P3 (which contains a 26-amino-acid C-terminal deletion in Tnp) by replacing the NotI-SphI ISSOR fragment of pRZ4737 with the same fragment from IS50L, obtained from pRZ102 (29) . pRZ4804 was constructed in an analogous manner, only with pRZ4737-A2 (33) . This plasmid encodes an overproducer of P3 with a twoamino-acid N-terminal deletion. pRZ4868 contains the 4.5-kb Hindlll fts locus at 76 min from Kohara phage 7H7 (20) cloned into the Hindlll site of the pBR322 derivative pRZ4700. pRZ4700 (2,967 bp) was constructed by digesting pBR322 with HindIII andAvaI, filling in the ends with T4 DNA polymerase, and religating. This procedure deleted the tet gene and regenerated the HindIII site. pRZ4869 contains an adjacent 15-kb HindIlI fragment from this same Kohara phage cloned into pRZ4700. This fragment contains 10 kb of chromosomal DNA clockwise from the fts locus and 5 kb of XEMBL4 DNA (20 The cultures (DH5a containing the various pRZ4737 derivatives) were grown overnight at 32'C in LB containing 20 ,ug of chloramphenicol per ml.
Dilutions were plated onto LB plates, also with chloramphenicol, and incubated at 32 and 42°C for 18 to 24 h, and the numbers of colonies were counted. EOP was calculated as the number of viable colonies per milliliter obtained at 42°C divided by the number obtained at 32°C.
b Transposition frequencies are derived from reference 33 and were determined at 32°C with pRZ4737 and deletion derivatives. ++ +, 30 to 100% transposition, + +, 20 to 30% transposition; -, less than 0.5% transposition compared with the wild type.
c The colony sizes for these strains at 42°C were at least twofold smaller than those for the strain containing pRZ4738, which does not overproduce Tnp, indicating compromised growth.
polyclonal antibodies against Tnp was performed exactly as described in reference 34.
RESULTS
Overexpression of the TnS Tnp is lethal to E. coli. The low-copy plasmid pRZ4737 contains the wild-type Tnp gene under the control of the A PR promoter. Tnp expression is thermoinducible because of the presence of the heat-labile X c1857 repressor encoded by this plasmid, so that Tnp expression is repressed at 32°C and fully induced at 42°C. Intermediate levels of Tnp expression (-20% of maximal induction) occur at 37°C (22) .
The EOP at 42 versus 32°C is shown for cells overproducing wild-type Tnp and various isogenic N-terminal Tnp deletions in Table 2 . Overexpression of the wild-type Tnp results in a large (>104-fold) reduction in plating efficiency at 42°C. It should be noted that this plasmid does not contain IS50 end sequences, and so this phenomenon is not due to a large induction of transposition events. However, overexpression of deletion variants of Tnp lacking 1, 2, 3, or 11 N-terminal amino acids results in an equivalent EOP at 42 and 32°C, even though these derivatives exhibit identical amounts of Tnp overproduction compared with the wild type (described below). The resulting colonies from the Al and A2 derivatives at 42°C are smaller than those of the strain not encoding Tnp, however, indicating that their growth is compromised. The compromised growth caused by overexpression of the A2 derivative probably results from a modestly reduced viability as described below and in Fig. 2A .
This large reduction in plating efficiency additionally does not depend on a functional Tnp protein. P3, which is encoded by IS50L, contains a 26-amino-acid C-terminal deletion of Tnp and is completely defective in promoting IS50 transposition (19, 29) . Overproduction of P3 also leads to a large decrease in the EOP in E. coli (Table 2) . However, an overexpression variant lacking two N-terminal amino acids completely reverses this effect, as was observed for Tnp.
Tnp overproduction is not merely bacteriostatic but is cytotoxic to E. coli. The cell viability in liquid culture is shown after a shift up to 42°C from 32°C for the wild-type, A2, A3, and All derivatives in Fig. 2A . Cells were grown at 42°C for various 4 6 6 Time (Hrs) (Fig. 2B) shows that the level of protein expression is very similar to that of the wild type for these deletion derivatives, except that A3 shows a reproducible 50% reduction in expression levels. The steady-state levels of protein production at 36.5°C exactly parallel those in this analysis, except the All derivative accumulates greater amounts of protein than the wild type (data not shown), indicating that the levels of Tnp derivatives seen after transient induction to 42°C accurately reflect their relative synthesis rates.
The reason for the lack of cell killing by the A3 and All derivatives cannot be attributed to their having a completely unfolded or misfolded conformation in vivo. First, we have previously shown that the A3 Tnp derivative exhibits only a modest four-to fivefold reduction in its transposition activity in vivo at 320C (33) . Also, both at 32°C and after a transient induction to 42°C, the A3 and All Tnp derivatives exhibit wild-type levels of Tnp-dependent inhibition in vivo, indicating that they are taking on the protein conformation necessary for this inhibition activity (33) . Furthermore, after induction of protein synthesis by a temperature shift to 42°C, each of these Tnp derivatives can be purified exactly as the wild-type protein is. The A3 derivative exhibits wild-type DNA binding activity to the OE in vitro, and the All1 protein is specifically defective in its interaction with the OE (33) .
Finally, increased temperature is not required for the Tnpinduced lethality, since overexpression of Tnp from the tac promoter at 32, 37, and 42°C is also lethal to E. coli (data not shown [see Table 4 ]). We should also note that increasing the expression of Tnp to protein levels roughly equivalent to full induction of lacZ from the lac operon is sufficient to significantly reduce the growth rate of E. coli and to cause the appearance of filamentous cells. All of the preceding data demonstrate that increased expression of the TnS Tnp is toxic to E. coli and that toxicity requires neither the presence of TnS ends nor a transpositionally competent Tnp protein. Instead, killing is strictly correlated with the presence of a wild-type N terminus.
Killing does not depend on Tnp DNA binding activity or the presence of DnaA, an essential DNA replication protein involved in TnS transposition. One possible explanation for the cell-killing phenomenon could be that Tnp was binding to matches to the OE or pseudo-OE sites in the E. coli chromosome and catalyzing abortive transposition events, resulting in lethal chromosomal damage. In order to examine this possibility, we tested the effect of overproducing DNA bindingdefective mutants of Tnp. A number of point mutations in the unique N terminus of Tnp have previously been isolated and shown to be defective in transposition (19) . Five of these derivatives were subsequently shown to encode proteins that were completely or partially defective in binding to the Tn5 OE (33) . These mutations were also cloned into the overexpression plasmid used in this study, and, importantly, each encodes a wild-type N terminus from position 1 to position 29. DnaA is the initiator protein for chromosomal DNA replication from oriC (21) . It has previously been shown to be important for TnS transposition, since transposition in DnaA mutants is decreased 10-to 100-fold (37) . DnaA has also been shown to bind to a site within the TnS OE (12 interaction was responsible for the cell-killing effect by sequestering DnaA from its normal role in the initiation of DNA replication. A mutation in RNase H enables cells to grow in the absence of DnaA by allowing the initiation of DNA replication at random-primed sites throughout the genome (37) . Tnp overproduction is still toxic to E. coli in both the mH::Tn3 and mH::Tn3 dnaA::TnlO strains, which can grow in the absence of DnaA (Fig. 3) . So, this Tnp-dependent lethality cannot be due only to the loss of DnaA function. This result is supported by DAPI staining of E. coli undergoing Tnp overproduction (below) that indicates that DNA replication is not inhibited by Tnp overproduction.
Cell death is not caused by the intrinsic nonspecific nuclease activity of Tnp. One of the last steps in the transposition reaction is the double-stranded cutting of the target DNA, followed by the strand transfer of transposon sequences to the new target site (reviewed in reference 24a). In order to address whether this nuclease activity of Tnp could somehow be activated out of the normal context of the transposition reaction, thus leading to chromosomal damage and possibly cell death, we tested whether overproduction of Tnp caused an induction of the cellular SOS response. This was measured with a strain which has a chromosomal fusion of the A PL promoter to the lacZ coding sequence (11) . An increase in P-galactosidase activity in this strain occurs after DNA damage resulting from the recA-dependent coproteolysis of the lambda repressor (28) . Since Tnp expression in pRZ4737 is also under the control of the lambda repressor, we induced Tnp expression from the heterologous lacUVS promoter and measured both cell killing and 3-galactosidase activity after induction of Tnp synthesis at 37°C. The results in Table 4 chloramphenicol (60 ,ug/ml, final concentration), and the l-galactosidase activities were determined as described by Miller (24) .
the cells were examined microscopically. Bacterial cells containing the wild-type-, A2, A3, or All Tnp-overproducing plasmids were grown to early exponential phase at 32°C and then shifted to 42°C for 3 h to induce Tnp synthesis. The cells were then fixed and stained with DAPI for fluorescent microscopy by the method of Hiraga (15); micrographs of these cells are presented in Fig. 4 . The wild-type cells at 32°C consist of mostly single and dividing cells with regular nucleoids. During Tnp overexpression, however, the cells show extensive filamentation over a wide range from approximately 2 to 10 cell lengths and exhibit very large regions of DAPI fluorescence, only rarely having segregated nucleoids. In some instances, DAPI staining was seen continuously throughout the length of the filament, except at the poles. Overproduction of the A2 derivative at 42°C, which still causes some cell death (Fig. 2) , results in essentially the same morphology. However, partial induction to 37°C, which results in some filamentation for the wild-type Tnp, does not result in any phenotype for the A2 derivative, indicating that this mutant gives partial suppression of the filamentation phenotype (data not shown). In contrast, the strains overexpressing the A3 and All derivatives look much more normal, exhibiting mostly single cells containing a single or two separate nucleoids. Even for the All derivative, though, some cells appear to have missegregated nucleoids. Occasionally, two or three nucleoids can be seen at one pole and no chromosomes are seen at the opposite pole. As an additional control for any temperature effects, a culture containing pRZ4738 was shifted to 42°C and examined. This plasmid is identical to pRZ4737, except it has a small 7-bp deletion removing the start codon for Tnp. These cells looked very similar to the wild-type, uninduced culture, with no discernable differences in cell length or nuclear segregation patterns (not shown). This indicates that defects in nucleoid segregation and cell division accompany Tnp overproduction but that these effects require the presence of the wild-type N-terminal three amino acids. Defects in nuclear segregation are known to cause an inhibition of cell division (23) , and so the defect in cell division may be secondary. The filamentation is not caused by induction of the cell division inhibitor suL4 after DNA damage (16) , because the host cell is recAl and therefore is defective for induction of the SOS response (28) . In addition, filamentation also occurs in a strain with recA deleted. Furthermore, wildtype recA strains also exhibit filamentation (described below), and this filamentation is not more extensive than that for the recAl strain, as would be expected if DNA damage were occurring and inducing the sulA division inhibitor. (Fig. 5) . From the P1 linkage data, for instance, it was evident that stk/A-14 was very near the fts locus at 76 min, which contains essential genes known to be involved in cell division (13 HindIII fragment and also an adjacent 15-kb HindIII fragment (clockwise from thefts locus) containing both E. coli and phage DNA (Fig. 6 ). Neither HindIII fragnent is able to complement the stkA-14 mutation in a multicopy plasmid. The rpoH gene, which encodes the heat shock or factor, is also located adjacent to the fts locus; however, a plasmid derivative containing chromosomal rpoH was also not able to complement this mutation.
Since we were unable to complement this mutation by using multicopy plasmids, we investigated whether various DNA fragments from this chromosomal region could suppress the lethality of Tnp overproduction in a wild-type E. col background when present in multiple copies. The 4.-kb HindIII fragment bearing the ftsYEX locus was able to suppress the Tnp killing in a wild-type strain when present on the multicopy pBR322 plasmid. pBR322 alone or pBR322 containing adjacent regions of the chromosome is not able to suppress Tnp-dependent killing.
Using recombinational mapping (31), it is now clear that the stkA-14 mutation lies within this 4.5-kb HindIII fragment which contains four genes: the ftsYEX operon and an uncharacterized inner membrane-associated protein encoded by ORF4 (13) . Chromosomal duplications of various genomic fragments in the 76-min region were constructed by the method of Slater and Maurer (31) . Only the duplications of the 4.5-kb HindIII fragment gave rise to a Tnp-sensitive phenotype, indicating that a recessive mutation within this fragment is required for survival after Tnp overproduction. Of the 4.5-kb HindIII recombinants which had lost the duplication (scored by loss of the intervening antibiotic resistance determinant), 50% were now sensitive to Tnp overexpression, 43% were still resistant, and 7% were indeterminate. These data, taken together with the fact that the increased copy number of the wild-type 4.5-kb HindIII locus is able to suppress Tnp-dependent cell death, indicate that a mutation in one of the four genes encoded on this DNA is required for suppression and that the increased copy number of this locus is sufficient to give suppression.
A reversion analysis indicates that the stk/4-14 phenotype is likely caused by a single mutation. MC1061 stkA-14 grows slowly at 32°C, and the colonies exhibit a wrinkled morphology. FIG. 6 . Chromosomal region near the fts locus at 76 min. The region of the E. coli chromosome containing thefts locus (13) and the stkA-14 mutation is indicated relative to various restriction enzyme sites according to the data of Kohara (20) . The shaded area indicates the region containing the stkA-14 mutation. 7H7 was the Kohara phage (20) used to clone thefts region.
In fact, this strain has a much healthier appearance at 37 and 42°C when Tnp is being overproduced and additionally is cold sensitive for growth at 15°C. Colonies of this strain carrying pRZ4775 (the Tnp-overproducing plasmid) were incubated for 4 to 5 days at 32°C (i.e., where Tnp synthesis is fully repressed), and the faster-growing revertants that grew within the colony were streak purified twice and then tested for their temperature resistance phenotype at 42°C. Approximately 62% (13 of 21) of these revertants to the wild-type growth rate were now temperature sensitive. Since both the slow-growth phenotype and the temperature resistance coreverted the majority of the time, they are likely caused by a single mutation. Those faster-growing segregants which were still temperature resistant probably contained secondary suppressor mutations which allowed a faster growth rate.
The nuclear staining and cellular morphology of each of these mutant strains were examined before and after Tnp overproduction. In the uninduced state, they appeared as wild-type cells containing mostly single or dividing cells (not shown). (stkA4-14 and stkD-10 were not as vigorous as the wild type and had an occasional filament at 32°C.) After a shift up to 42°C, however, they exhibited a variety of phenotypes (Fig.  7) . The cells containing the stkA-14 mutation had a very interesting phenotype. Although wild-type cells show a great deal of heterogeneity in cell length (from 3 to 10 cell lengths) accompanying Tnp overproduction and 79% of the cells were filamentous, stkA-14 exhibited very uniform ifiaments of approximately 4 to 5 cell lengths and 90% of the cells were filamentous. Also, a noticeable fraction of the cells (22%) contained regularly spaced nucleoids, indicating a more normal segregation phenotype. However, the remainder of the filamentous cells still showed diffuse nuclear staining. stkB-33 and stkD-10 were similar in that the distribution of cell lengths was shifted toward single and dividing cells (approximately 83 and 57%, respectively), but they still exhibited broadly staining nuclear regions in the filaments that were present. In contrast, stkC-12, which has the strongest phenotype (i.e., the most vigorous growth at 42°C), was indistinguishable from the wild type in that it formed extensive filaments with diffuse, broadly staining nuclear regions. However, at the partially inducing temperature of 37°C, when the wild-type Tnp induces some filamentation and causes a marked decrease in the growth rate, stkC-12 had essentially no phenotype (data not shown), indicating that it has an intermediate phenotype.
DISCUSSION
Transposons can be classified as selfish DNA (25 gated and replicated by their host at no cost to the element. However, transposons often confer on their bacterial hosts beneficial properties such as antibiotic or heavy metal resistance (2) . In addition, since the bacterial-transposon relationship can be said to be symbiotic, mechanisms have probably evolved to limit the deleterious effects caused by transposition. It has already been suggested that transposition events are timed to occur after the passage of a DNA replication fork (26) . An intact, newly replicated sister duplex could then be used as a template for repair of the gapped duplex left by a conservative transposition event. We have discovered a connection between the processes of bacterial chromosome partition and cell division and the high-level production of the TnS Tnp. While this does not demonstrate that any causal relationship between TnS transposition events and a delay in chromosome partition exists, it does raise this possibility. Because the defects in cell division which occur require the overproduction of Tnp proteins with wild-type N termini and TnS transposition itself is very sensitive to perturbations in the wild-type N terminus (33) , we feel these two processes may somehow be related.
Overexpression of the TnS Tnp causes defects in nucleoid segregation and cell division. This is also accompanied by cell death, which may result from the segregation and septation defects but which may be caused by yet other Cell death, filamentation, and the nucleoid segregation defects are all bypassed if Tnp contains an N-terminal deletion of 3 or 11 amino acids. These defects are partially suppressed if the Tnp contains a two-amino-acid deletion at the N terminus. Therefore, this is not a general phenomenon caused by increased levels of protein expression; it specifically requires high-level expression of Tnp derivatives containing a wild-type N terminus. Additionally, this effect is not caused by increased rates of transposition, because it occurs in the absence of IS50 ends and also occurs with Tnp derivatives which are defective in promoting transposition and in binding to the IS50 ends. The only correlation with the killing effect, therefore, is the presence of a wild-type N terminus.
In addition, killing is not caused by Tnp acting as a nonspecific nuclease. If high-level Tnp production resulted in aberrant cutting at random sites throughout the chromosome, this would be lethal to E. coli but would also induce the cellular SOS response. We have specifically shown that high-level expression of Tnp does not induce SOS functions, measured with a chromosomal A PL-lacZ operon fusion. We have also previously shown that inducing Tnp synthesis by at least 100-fold does not lead to an increase in the TnS transposition frequency (32) , although it does lead to a large increase in the inhibitory activity of Tnp. This indicates that the transpositional activity and not the abundance of the wild-type protein is limiting the TnS transposition rate and makes it unlikely that overproduction of Tnp leads to some form of activated Tnp which cuts DNA out of the normal context of the transposition reaction. It was also previously shown that high-level expression of the TnlO Tnp in the absence of ends does not induce a cellular SOS response (14, 27) . Therefore, for these Tnp proteins, it seems unlikely that their intrinsic double-stranded nuclease activity, which is required for target DNA cleavage during the transposition reaction, is activated to any significant extent unless the Tnp is productively bound to the transposon end sequences.
The most plausible explanation for this effect is that some essential E. coli protein interacts with Tnp through critical contacts in the N-terminal three to four amino acids. A fraction (-10%) of Tnp has been shown to be localized to the inner cell membrane (7, 17) ; however, the functional significance of this interaction has not been demonstrated. This localization requires the N-terminal 55 amino acids, because Inh (which differs from Tnp only by lacking this domain) is not localized to the membrane (7) . A whole series of genes in E. coli have been isolated which play direct roles in cell division and septation (3, 9) and, recently, in nucleoid segregation (14a, 15) . Many of these, of course, are integral membrane or membrane-associated proteins. It has also been shown that defects in chromosome segregation will delay septum formation (23) , and so these two processes are coupled by at least this negative pathway. Since Tnp overproduction leads to defects in both chromosome partition and cell division, the membrane association of Tnp may be a functional one which occurs through an association with an essential membrane protein of the partition or cell division apparatus. High-level expression of the Mu B protein involved in transposon target site selection has been shown to be lethal to E. coli and also leads to filament formation (4). The Mu B protein also fractionates with the inner cell membrane (4) . A number of other bacterial IS Tnps also lead to cell killing and filamentation when overexpressed (1).
We have isolated and mapped four mutations in E. coli that affect cell survival in the presence of high-level Tnp expression. By using P1 linkage data, these map to four discrete loci at approximately 76.2, 86.5, 99.8, and 28 min on the E. coli chromosome. The cellular morphology of these mutants undergoing Tnp overexpression was also examined. Two mutations (stkB-33 and stkD-10) caused the appearance of an increased number of single and dividing cells compared with the wild type. One mutation, stkC-12, resulted in cells which were indistinguishable from the wild type undergoing maximal Tnp overproduction. However, at the intermediate inducing condition of 37°C, this mutant strain has essentially no phenotype while the wild-type strain exhibits a markedly slower growth rate and begins to form filamentous cells. The stkA4-14 mutation alters the distribution of filaments produced upon Tnp overproduction, so that they are now very homogeneous in length (approximately five cell lengths), and also allows normal chromosome segregation in 22% of these filaments.
We have initially focused our efforts on the stkA-14 mutation, which exhibited the intriguing phenotype of very uniform filaments of four to five cell lengths upon Tnp overproduction, with many of these exhibiting regularly spaced nucleoids. The P1 linkage data place this mutation very close to thefts locus at 76 min described by Salmond and coworkers (13) . We cloned the 4.5-kb HindIII fragment containing this operon from Kohara phage 7H7, but this fragment was not able to complement the mutation in multiple copies. Interestingly, the presence of this fragment on pBR322 in a stkA-14, but not stkA+, background yields filaments at 32°C (35), i.e., when Tnp expression is fully repressed. An adjacent 6.5-kb HindIllEcoRV fragment clockwise from the fts locus gives the same phenotype at 32°C but also does not complement the mutation. It is difficult to imagine how an increased copy number of a cell division operon would lead to defects in septation in our mutant strain but not in the wild type, if this mutation were in a gene totally unrelated to the normal division process.
Using recombination to map this mutation, however, we have demonstrated that stkA4-14 lies within this 4.5-kb Hindlll fragment which contains the ftsYEX operon and an adjacent gene, ORF4, which encodes a 20-kDa inner membrane-associated protein of unknown function (13) . The (37) . It is clear that further work will be necessary to establish the identity of the genes giving suppression, the mechanism of suppression, and the possible connection between the process of cell division and TnS transposition.
